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(57) The semiconductor light emitting device (30) in- 
cludes a semiconductor substrate (1 1 ) formed from InP, 
an active layer (14) formed from InGaAsP, an n-type 
cladding layer (32), and a p-type cladding layer (18) 
formed from InP. The active layer (14) is formed at the 
upper side of the semiconductor substrate (11). The n- 
type cladding layer (32) and the p-type cladding layer 
(18) are formed so as to hold the active layer (14) ther- 
ebetween . The n-type cladding layer (32) is formed from 
InGaAsP. The semiconductor light emitting device (30) 



is, given that a refractive index of the n-type cladding 
layer (32) is na, and a refractive index of the p-type clad- 
ding layer (18) is nb, set so as to be the relationship of 
na > nb in which the refractive index na of the n-type 
cladding layer (32) is higher than the refractive index nb 
of the p-type cladding layer (1 8), and due to the distri- 
bution of light generated by the active layer (14) being 
deflected to the n-type cladding layer (32) side, optical 
loss by intervalence band light absorption at the p-type 
cladding layer (1 8) is suppressed, and high-power light 
output can be obtained. 




FIG. 1 
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Description 

[0001 ] The present invention relates to a semiconduc- 
tor light emitting device, and in particular, to a semicon- 
ductor light emitting device using a technique'in which 
high-power light output can be obtained with a simple 
structure. 

[0002] As broadly known, a light signal used for an 
optical communication system is transmitted in an opti- 
cal fiber underlaid over a long distance. 
[0003] Therefore, a high-power light output character- 
istic and high stability characteristic are required for a 
semiconductor laser, which is a semiconductor light 
emitting device used as a light source generating the 
light signal in the optical communication system as de- 
scribed above. 

[0004] FIG. 12 is a perspective view for explanation 
of a structure of a conventional semiconductor laser 1 0 
considered in order to obtain a high-power light output 
characteristic. 

[0005] FIG. 1 3 is a cross sectional view of a main por- 
tion of the semiconductor laser 10 shown in FIG. 12. 
[0006] As shown in FIG. 12, in the semiconductor la- 
ser 1 0, on a semiconductor substrate 1 1 formed from n- 
type InP (indium phosphor), an n-type cladding layer 12 
formed from n-type InP, a first SCH (Separate Confine- 
ment Heterostructure) layer 13 formed from InGaAsP 
(indium gallium phosphor), an active layer 14 formed 
from InGaAsP, and a second SCH layer 1 5 formed from 
InGaAsP are successively formed. 
[0007] Note that, the n-type cladding layer 12, the first 
SCH layer 1 3, the active layer 14, and the second SCH 
layer 15 are formed to be a mesa type. 
[0008] A first buried layer (lower buried layer) 16 
formed from p-type InP and a second buried layer (up- 
per buried layer) 17 formed from n-type InP are formed 
at the both sides of the respective layers formed to be 
a mesa type. 

[0009] A p-type cladding layer 1 B formed from p-type 
InP is formed at the upper side of the second SCH layer 
15 and the top surface of the upper buried layer 1 7. 
[001 0] A p electrode 20 is provided at the top su rf ace 
of a p-type contact layer 1 9 formed at the top surface of 
the p-type cladding layer 18. 

[0011] Further,, an n electrode 21 is provided at the 
bottom surface of the semiconductor substrate 11 . 
[0012] As the active layer 14, a bulk structure struc- 
tured from one uniform material may be used. 
[0013] However, here, in order to realize a good light 
oscillation characteristic as the semiconductor laser 1 0, 
as shown in FIG. 13, an MQW (Multi-quantum well) 
structure, in which a plurality of well layers 14a and a 
plurality of barrier layers 1 4b positioned at the both sides 
of the respective well layers 1 4a are alternately formed, 
is used as the active layer 14. 

[0014] Moreover, a multilayer structure formed from a 
plurality of layers 13a, 13b, and 13c is used as the first 
SCH layer 13 positioned at the lower side of the active 
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layer 14 having the MQW structure. 
[0015] in the same way, a multilayer structure formed 
from a plurality of layers 15a, 15b, and 15c is used as 
the second SCH layer 1 5 positioned at the upper side 

5 of the active layer 1 4. 

[001 6] Respective refractive indices n, with respect to 
the light generated by the active layer 1 4, of the respec- 
tive layers of the n-type cladding layer 12, the first SCH 
layer 13formed from the plurality of layers 13a, 13b, and 

10 13c, the active layer 14 having the MQW structure in 
which the plurality of well layers 14a and the plurality of 
barrier layers 14b are included, the second SCH layer 
1 5 formed from the plurality of layers 1 5a, 1 5b, and 1 5c, 
and the p-type cladding layer 1 8, are set so as to be the 

is characteristics of the refractive indices as shown in FIG. 
14. 

[001 7] Namely, the refractive index of the active layer 
14 at the center is set to the highest, and the refractive 
indices of the respective cladding layers 12, 18 at the 

20 both sides are set so as to be equal to one another and 
to the lowest amount those of the layers. 
[0018] Then, the refractive indices of the plurality of 
layers 13a, 13b, 13c, and 15a, 15b, 15c of the first SCH 
layer 13 and the second SCH layer 15 are respectively 

25 set so as to be gradually lower. 

[0019] In this way, the refractive indices as the entire 
semiconductor laser 1 0 are set so as to have the char- 
acteristic of the refractive indices which is vertically sym- 
metrical (FIG. 14) with respect to the active layer 14 

30 serving as the center. 

[0020] When a predetermined direct voltage is ap- 
plied between the p electrode 20 and the n electrode 21 
of the semiconductor laser 1 0 having such a character- 
istic of the refractive indices, light P having power cor- 

35 responding to the current region is thereby generated at 
the active layer 1 4. 

[0021 ] Further, the light P generated at the active lay- 
er 14 is emitted to the exterior from both end surfaces 
(facet) 22a and 22b of the semiconductor laser 10 

40 shown in FIG. 12. 

[0022] Note that, in the semiconductor laser 10, due 
to the refractive index of the active layer 14 being set to 
be higher than the refractive indices of the respective 
cladding layers 12 and 18, other than the fact that some 

45 of the light P generated at the active layer 1 4 are leaked 
to the respective cladding layers 12 and 18, an optical 
waveguide path for preventing dissipation is formed. 
[0023] In accordance therewith , it is anticipated that 
the semiconductor laser 10 in which high-power light 

50 output can be obtained at a high current region is real- 
ized. 

[0024] However, in the semiconductor laser 10, be- 
cause the characteristic of the refractive indices is ver- 
tically symmetrical with respect to the active layer 14 
55 serving as the center, the distribution of the light P gen- 
erated at the active layer 14 is vertically symmetrical 
with respect to the active layer 1 4 serving as the center. 
[0025] Therefore, the distributions of the light P 
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leaked to both the cladding layers 12 and 18 are the 
same, and the quantity of optical loss by intervalence 
band absorption on the basis of the distribution of light 
in the p-type cladding layer 1 8 cannot be avoided, and 
the light output as the semiconductor laser 1 0 is reduced 
by the quantity of optical loss. 

[0026] Further, because the electrical resistance of 
the p-type cladding layer 18 is relatively high, the heat- 
ing value by the p-type cladding layer 1 8 at a high cur- 
rent region is made large, which means the light output 
as the semiconductor laser 10 is reduced. 
[0027] Accordingly, it is difficult to realize the semicon- 
ductor laser 10 in which high-power light output can be 
obtained at a high current region. 
[0028] Note that, in order to make the light output of 
the semiconductor laser 10 having such a structure 
have much higher power, the first SCH layer 13 and the 
second SCH layer 15 which respectively have interme- 
diate refractive indices are intervened between the ac- 
tive layer 14 and both the cladding layers 12, 18. 
[0029] Namely, in accordance therewith, the carriers 
which are injected can be concentrated in the vicinity of 
the active layer 1 4, and at this time, because the carriers 
and light are simultaneously concentrated at the same 
region in the vicinity of the active layer 1 4, the luminous 
efficiency as the semiconductor laser 10 is high. 
[0030] Further, in order to make the light output of the 
semiconductor laser 10 having such a structure have 
high power, it is effective that an attempt is made to re- 
duce the optical confinement coefficient to the first SCH 
layer 13, the second SCH layer 15, and the active layer 
14. 

[0031] However, when the optical confinement coef- 
ficient to the first SCH layer 13, the second SCH layer 
15, and the active layer 1 4 are lowered, due to the com- 
ponents of the light passing through both the cladding 
layers 12 and 18 increasing, another problem arises. 
[0032] In other words, in accordance with the fact that 
the components of the light passing through the both 
cladding layers 12 and 18 increases, it is necessary to 
increase the thickness of both the cladding layers 12 
and 18. 

[0033] However, at the p-type cladding layer 1 8, as 
described above, because the electrical resistance is 
relatively high, the electrical resistance of the entire el- 
ement is increased due to the increase of the p-type 
cladding layer 1 8, and the heating value of the element 
at the high-current region is made large, making it diffi- 
cult to make the light output of the semiconductor laser 
10 have much higher power. 

[0034] Moreover, if the distribution of light in the p- 
type cladding layer 1 8 among both the cladding layers 
12 and 18 is increased, the quantity of optical loss by 
intervalence band light absorption described above in- 
creases. 

[0035] The increase of the quantity of optical loss by 
intervalence band light absorption can be prevented due 
to the p-type impurity concentration of the p-type clad- 



ding layer 18 being made small. 
[0036] However, if the p-type impurity concentration 
of the p-type cladding layer 18 is made small, due to the 
electrical resistance of the entire element including the 
5 p-type cladding layer 1 8 further increasing, high-power 
light output cannot be obtained as the semiconductor 
laser 10. 

[0037] As a method for solving the problem of the op- 
tical loss by intervalence band light absorption, as 
shown in FIG. 1 5, a technique in which, due to an optical 
field control layer 23 having a refractive index which is 
higher than the refractive index of the n-type cladding 
layer 12 and is close to the refractive index of the active 
layer 14 being provided in the n-type cladding layer 12, 
the distribution of light is shifted to the n-type cladding 
layer 12 side, and the quantity of light distributed in the 
p-type cladding layer 1 8 is reduced, is disclosed in Jpn. 
Pat. Appln. KOKAI Publication No. 2000-174394 which 
is Patent Document. 

[0038] However, in this way, if the optical field control 
layer 23 having the refractive index close to the refrac- 
tive index of the active layer 14 is provided in the n-type 
cladding layer 12, not only is the structure complicated, 
but also a new problem arises. 

[0039] Namely, because the optical field control layer 
23 as described above has the same structure as that 
of the active layer 14, when the optical field control layer 
23 is provided at a position far away from the first SCH 
layer 1 3, another optical waveguide path is formed, and 
due to the distribution of light being made to be the dou- 
ble-humped characteristic, the operation as the semi- 
conductor laser 10 is made unstable. 
[0040] Accordingly, the optical field control layer 23 
must be provided in the vicinity of the first SCH layer 13. 
[0041] However, if the optical field control layer 23 
whose refractive index is high is provided in the vicinity 
of the first SCH layer 1 3, due to the equivalent refractive 
indices of the entire waveguide path being made high, 
an oscillation mode of the semiconductor laser 10 is 
easily displaced from a desired single mode to a lateral 
high-order mode. 

[0042] Further, the displacement to the lateral high- 
order mode can be prevented by making the width of 
the region including the active layer 14, the first SCH 
layer 13, and the second SCH layer 15 narrow. 
[0043] However, if the width of the region including the 
active layer 14, the first SCH layer 13, and the second 
SCH layer 1 5 is made narrow, the increases of the elec- 
trical resistance and the thermal resistance of the entire 
element are bought about, and the luminous efficiency 
of the semiconductor laser 1 0 is more decreased. 
[0044] An object of the present invention is to provide 
a semiconductor light emitting device in which high- 
power light output can be obtained with a simple struc- 
ture. 

[0045] Another object of the present invention is to 
provide a semiconductor light emitting device in which, 
even when the optical confinement coefficient to an ac- 
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tive layer is lowered, high-power light output can be ob- 
tained with a simple structure, and a mode displacement 
is hard to arise. 

[0046] In order to achieve the above object, according 
to a first aspect of the present invention, there is provid- 5 
ed a semiconductor light emitting device comprising: 

a semiconductor substrate (11) formed from InP; 
an active layer (1 4) formed at the upper side of the 
semiconductor substrate; and 10 
an n-type cladding layer (32) formed from InGaAsP 
and a p-type cladding layer (18) formed from InP, 
which are formed so as to hold the active layer ther- 
ebetween, 

wherein, the semiconductor light emitting de- 15 
vice is, given that a refractive index of the n-type 
cladding layer is na, and a refractive index of the p- 
type cladding layer is nb, set so as to be the rela- 
tionship of na > nb in which the refractive index na 
of the n-type cladding layer is higher than the re- 20 
fractive index nb of the p-type cladding layer, and 
due to the distribution of light generated by the ac- 
tive layer being deflected to the n-type cladding lay- 
er side, optical loss by intervalence band light ab- 
sorption at the p-type cladding layer is suppressed, 25 
and high-power light output can be obtained. 

[0047] In order to achieve the above object, according 
to a second aspect of the present invention, there is pro- 
vided a semiconductor light emitting device according 30 
to the first aspect, wherein the semiconductor light emit- 
ting device further comprises: 

a first SCH (Separate Confinement Heterostruc- 
ture) layer (13) formed from InGaAsP, which is 35 
formed between the active layer and the n-type 
cladding layer; and 

a second SCH layer (15) formed from InGaAsP, 
which is formed between the active layer and the p- 
type cladding layer. *o 

[0048] In order to achieve the above object, according 
to a third aspect of the present invention, there is pro- 
vided a semiconductor light emitting device according 
to the first aspect, wherein the active layer includes a 45 
bulk structure structured from one uniform material. 
[0049] In order to achieve the above object, according 
to a fourth aspect of the present invention, there is pro- 
vided a semiconductor light emitting device according 
to the first aspect, wherein the active layer includes a so 
plural-layer MQW (Multi-quantum well) structure having 
plural-layerwell layers (14a) and plural-layer banier lay- 
ers (1 4b) positioned at the both sides of the respective 
well layers at the plural -layer well layers. 
[0050] In orderto achieve the above object, according 55 
to a fifth aspect of the present invention, there is provid- 
ed a semiconductor light emitting device according to 
the second aspect, wherein the first SCH layer includes 



a multilayer structure formed from a plurality of layers 
(13a, 13b, 13c, .... 13N), and 

the second SCH layer includes a multilayer struc- 
ture formed from a plurality of layers (15a, 15b, 15c, — , 
15N). 

[0051 ] In order to achieve the above object, according 
to a sixth aspect of the present invention, there is pro- 
vided a semiconductor light emitting device according 
to the fifth aspect, wherein, given that a refractive index 
of a layer having the lowest refractive index of the plu- 
rality of layers structuring the active layer is ns, and re- 
fractive indices and thickness of the plurality of layers 
of the first SCH layer are respectively n1 , n2, n3, — , nN 
and t1 , t2, t3, — , tN at order close from the active layer 
and refractive indices and thickness of the plurality of 
layers of the second SCH layer are respectively n1 , n2, 
n3, •«, nN and t1 , t2, t3, — , tN at order close from the 
active layer, 

the relationship of the thickness of the respective 
layers is set to be 

t1 =t2 = t3=, " t = tN, 

the relationship of the magnitudes of the refractive 
indices of the respective layers is set to be the relation- 
ship: 

ns > n1 > n2 > n3 >, — , > nN > na > nb 

such that the refractive indices become smaller the fur- 
ther away from the active layer including the relationship 
that the refractive index ns of the active layer is the high- 
est, and the refractive index na of the n-type cladding 
layer is higher than the refractive index nb of the p-type 
cladding layer, and 

the refractive index differences between the layers 
which are adjacent to one another in the plurality of lay- 
ers respectively structuring the first SCH layer and the 
second SCH layer are set to be the relationship: 

ns-n1 > n1-n2 > n2-n3 >, > nN-nb > nN-na 

such that the refractive index differences become small- 
er the further toward the n-type cladding layer and the 
p-type cladding layer from the active layer. 
[0052] In orderto achieve the above object, according 
to a seventh aspect of the present Invention, there is 
provided a semiconductor light emitting device accord- 
ing to the fifth aspect, wherein, given that a refractive 
index of a layer having the lowest refractive index of the 
plurality of layers structuring the active layer is ns, the 
refractive indices and the thickness of the plurality of lay- 
ers of the first SCH layer are respectively n1 , n2, n3, *•*, 
nN and t1 , t2, t3, tN at order close from the active 
layer and the refractive indices and the thickness of the 
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plurality of layers of the second SCH layer are respec- 
tively n1rn2, n3, nN andt1,t2, t3, tN at order close 
from the active layer, 

the relationship of the magnitudes of the refractive 
indices of the respective layers is set to be the relation- 5 
ship: 

ns > n1 > n2 > n3 >, — , > nN > na > nb 

10 

such that the refractive indices become smaller the fur- 
ther away from the active layer including the relationship 
that the refractive index ns of the active layer is the high- 
est, and the refractive index na of the n-type cladding 
layer is higher than the refractive index nb of the p-type 15 
cladding layer, 

the refractive index differences between the layers 
which are adjacent to one another in the plurality of lay- 
ers respectively structuring the first SCH layer and the 
second SCH layer are set to be the relationship: 20 

ns-n1 = n1-n2 = n2-n3 =, ... , = nN-nb 

(where nN-nb > nN-na), 25 
such that the refractive index differences are equal 

to one another, and 

the relationship of the thickness of the respective 

layers is set to be 

30 

t1 < t2 < t3 <, < tN 

such that the thickness becomes larger the further away 
from the active layer. 35 
[0053] In order to achieve the above object, according 
to an eighth aspect of the present invention, there is pro- 
vided a semiconductor light emitting device according 
to the fifth aspect, wherein, given that a refractive index 
of a layer having the lowest refractive index of the plu- 40 
rality of layers structuring the active layer is ns, the re- 
fractive indices and the thickness of the plurality of lay- 
ers of the first SCH layer are respectively n1 , n2, n3, 
nN and t1, t2, t3, ~, tN at order close from the active 
layer and the refractive indices and the thickness of the 45 
plurality of layers of the second SCH layer are respec- 
tively n1 , n2, n3, nN and t1 , t2, t3, -, tN at orderclose 
from the active layer, 

the relationship of the magnitudes of the refractive 
indices of the respective layers is set to be the relation- 50 
ship: 

ns > n1 > n2 > n3 >, — , > nN > na > nb 

55 

such that the refractive indices become smaller the fur- 
ther away from the active layer including the relationship 
that the refractive index ns of the active layer is the high- 



est, and the refractive index na of the n-type cladding 
layer is higher than the refractive index nb of the p-type 
cladding layer, 

the refractive index differences between the layers 
which are adjacent to one another in the plurality of lay- 
ers respectively structuring the first SCH layer and the 
second SCH layer are set to be the relationship: 

ns-n1 > n1-n2 > n2-n3 >, — , > nN-nb > nN-na 

such that refractive index differences become smaller 
the further away from the active layer, and 

the relationship of the thickness of the respective 
layers is set to be: 

t1 <t2<t3<, ».,<tN 

such that the thickness becomes larger the further away 
from the active layer. 

[0054] In order to achieve the above object, according 
to a ninth aspect of the present invention, there is pro- 
vided a semiconductor light emitting device according 
to the fifth aspect, wherein, given that a refractive index 
of a layer having the lowest refractive index of the plu- 
rality of layers structuring the active layer is ns, and re- 
fractive indices and thickness of the plurality of layers 
of the first SCH layer are respectively n1 , n2, n3, — , nN 
and t1 , t2, t3, — , tN at order close from the active layer 
and refractive indices and thickness of the plurality of 
layers of the second SCH layer are respectively n1 , n2 t 
n3, — , nN and t1, t2, t3, tN at order close from the 
active layer, 

the relationship of the thickness of the respective 
layers is set to be 

t1 = t2 = t3 =, = tN 

the relationship of the magnitudes of the refractive 
indices of the respective layers is set to be the relation- 
ship: 

ns > n1 > n2 > n3 >, — , nN > nb, 

and 

na > nN 

such that the refractive indices become smaller 
the further away from the active layer including the re- 
lationship that the refractive index ns of the active layer 
is the highest, and the refractive index na of the n-type 
cladding layer is higher than the refractive index nb of 
the p-type cladding layer, and 



5 



9 



EP 1 416 598 A2 



10 



the refractive index differences between the layers 
which are adjacent to one another in the plurality of lay- 
ers respectively structuring the first SCH layer and the 
second SCH layer are set to be the relationship: 

5 

ns-n1 > n1-n2 > n2-n3 >, — , > n(N-1 )-nN 

such that the refractive index differences become small- 
er the further toward the n-type cladding layer and the 10 
p-type cladding layer from the active layer. 
[0055] In orderto achieve the above object, according 
to a tenth aspect of the present invention, there is pro- 
vided a semiconductor light emitting device according 
to the fifth aspect, wherein, given that a refractive index is 
of a layer having the lowest refractive index of the plu- 
rality of layers structuring the active layer is ns, the re- 
fractive indices and the thickness of the plurality of lay- 
ers of the first SCH layer are respectively n1 , n2, n3, — , 
nN and t1 , t2, t3, — , tN at order close from the active 20 
layer and the refractive indices and the thickness of the 
plurality of layers of the second SCH layer are respec- 
tively n1 , n2, n3, — , nN and t1 , t2, t3, tN at order close 
from the active layer, 

the relationship of the magnitudes of the refractive 25 
indices of the respective layers is set to be the relation- 
ship: 

ns > n1 > n2 > n3 >, —, > nN > nb, 3Q 

and 

na > nN 35 

such that the refractive indices become smaller 
the further away from the active layer including the re- 
lationship that the refractive index ns of the active layer 
Is the highest, and the refractive index na of the n-type 40 
cladding layer is higher than the refractive index nb of 
the p-type cladding layer, 

the refractive index differences between the layers 
which are adjacent to one another in the plurality of lay- 
ers respectively structuring the first SCH layer and the 45 
second SCH layer are set to be the relationship: 

ns-n1 = n1-n2 = n2-n3 =, = nN-nb 

50 

such that the refractive index differences are equal to 
one another, and 

the relationship of the thickness of the respective 
layers is set to be 

55 

t1 < t2 < t3 <, < tN 



such that the thickness becomes larger the further away 
from the active layer. 

[0056] In order to achieve the above object, according 
to an eleventh aspect of the present invention, there is 
provided a semiconductor light emitting device accord- 
ing to the fifth aspect, wherein, given that a refractive 
index of a layer having the lowest refractive index of the 
plurality of layers structuring the active layer is ns, the 
refractive indices and the thickness of the plurality of lay- 
ers of the first SCH layer are respectively n1 , n2, n3, ~, 
nN and t1 , t2, t3, ■-, tN at order close from the active 
layer and the refractive indices and the thickness of the 
plurality of layers of the second SCH layer are respec- 
tively n1,n2, n3, • nN andt1,t2,t3, tN at order close 
from the active layer, 

the relationship of the magnitudes of the refractive 
indices of the respective layers is set to be the relation- 
ship: 

ns > n1 > n2 > n3 >, — , > nN > nb, 

and 

na > nN 

such that the refractive indices become smaller 
the further away from the active layer including the re- 
lationship that the refractive index ns of the active layer 
is the highest, and the refractive index na of the n-type 
cladding layer is higher than the refractive index nb of 
the p-type cladding layer, 

the refractive index differences between the layers 
which are adjacent to one another in the plurality of lay- 
ers respectively structuring the first SCH layer and the 
second SCH layer are set to be the relationship: 

ns-n1 > n1-n2 > n2-n3 >, — , > n(N-1)-nN 

such that refractive index differences become smaller 
the further away from the active layer, and 

the relationship of the thickness of the respective 
layers is set to be: 

t1 <t2<t3<, <tN 

such that the th ickness becomes larger the further away 
from the active layer. 

[0057] In orderto achieve the above object, according 
to a twelfth aspect of the present invention, there is pro- 
vided a semiconductor light emitting device according 
to the second aspect, wherein the semiconductor light 
emitting device is formed so as to be a buried structure. 
[0058] In order to achieve the above object, according 
to a thirteenth aspect of the present invention, there is 
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provided a semiconductor light emitting device accord- 
ing to the twelfth aspect, wherein the n-type cladding 
layer, the first SCH layer, the active layer, the second 
SCH layer, and a part of the p-type cladding layer are 
formed to be a mesa type, and 5 

the semiconductor light emitting device further 
comprises: 

a first buried layer (1 6) formed from p-type InP such 
that one surface thereof contacts the semiconduc- 10 
tor substrate or the n-type cladding layer at the both 
sides of the respective layers formed to be a mesa 
type; and 

a second buried layer (17) formed from n-type InP 
such that one surface thereof contacts the p-type '5 
cladding layer and the other surface thereof con- 
tacts the other surface of the first buried layer (16) 
at the both sides of the respective layers formed to 
be a mesa type. 

20 

[0059] In order to achieve the above object, according 
to a fourteenth aspect of the present invention, there is 
provided a semiconductor light emitting device accord- 
ing to the first aspect, wherein the semiconductor light 
emitting device is formed so as to be a ridge structure. 25 
[0060] In order to achieve the above object, according 
to a fifteenth aspect of the present invention, there is 
provided a semiconductor light emitting device accord- 
ing to the fourteenth aspect, wherein, when the semi- 
conductor substrate is n-type, the p-type cladding layer 30 
is formed as a ridge structured portion in which the sub- 
stantially central portion at the outer side thereof is 
heaped to the upper side, and 

the semiconductor light emitting device further 
comprises: 35 

a contact layer (1 9) formed at the upper side of the 
ridge structured portion at the p-type cladding layer; 
an insulating layer (24) formed so as to open the 
central portion of the contact layer, and so as to cov- 40 
er the p-type cladding layer including the ridge 
structured portion; and 

an electrode (20) formed at the top portion of the 
insulating layer in a state in which one portion there- 
of is connected to the contact layer. 45 

[0061] In orderto achieve the above object, according 
to a sixteenth aspect of the present invention, there is 
provided a semiconductor light emitting device accord- 
ing to the first aspect, wherein a bandgap wavelength so 
of InGaAsP structuring the n-type cladding layer is less 
than or equal to 0.97 pjn. 

[0062] In orderto achieve the above object, according 
to a seventeenth aspect of the present invention, there 
is provided a semiconductor light emitting device ac- ss 
cording to the first aspect, wherein a width of the active 
layer formed from InGaAsP is greater than or equal to 
3.5 urn. 



[0063] In order to achieve the above object, according 
to an eighteenth aspect of the present invention, there 
is provided a semiconductor light emitting device ac- 
cording to the first aspect, wherein the high-power light 
output is greater than or equaJ to 700 mW. 
[0064] In order to achieve the above object, according 
to a nineteenth aspect of the present invention, there is 
provided a semiconductor light emitting device accord- 
ing to the first aspect, wherein, when the semiconductor 
substrate is n-type, the n-type cladding layer is formed 
at the lower side of the active layer, and the p-type clad- 
ding layer is formed at the upper side of the active layer. 
[0065] In order to achieve the above object, according 
to a twentieth aspect of the present invention, there is 
provided a semiconductor light emitting device accord- 
ing to the first aspect, wherein, when the semiconductor 
substrate is p-type, the n-type cladding layer is formed 
at the upper side of the active layer, and the p-type clad- 
ding layer is formed at the lower side of the active layer. 
[0066] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 
scribed features. 

[0067] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a perspective view for explanation of an 
entire structure of a semiconductor laser 30 applied 
as a first embodiment of a semiconductor light emit- 
ting device according to the present invention; 
FIG. 2 is a cross sectional view for explanation of a 
structure of a main portion of the semiconductor la- 
ser 30 of FIG. 1; 

FIG. 3 is a diagram for explanation of the charac- 
teristics of the refractive indices of respective layers 
in the semiconductor laser 30 of FIG. 1 ; 
FIG. 4 is a diagram for explanation of the charac- 
teristics of the distribution of light in the semicon- 
ductor laser 30 of FIG. 1 ; 

FIG. 5 is a diagram for explanation of the charac- 
teristics of the refractive indices of the respective 
layers in the semiconductor laser 30 applied as a 
second embodiment of the semiconductor light 
emitting device according to the present invention; 
FIG. 6 is a diagram for explanation of the charac- 
teristics of the refractive indices of the respective 
layers in the semiconductor laser 30 applied as a 
third embodiment of the semiconductor light emit- 
ting device according to the present invention; 
FIG. 7 is a diagram for explanation of supply current 
vs. light output characteristics in the semiconductor 
laser 30 applied as the third embodiment of the 
semiconductor light emitting device according to 
the present invention; 

FIG. 8 is a cross sectional view for explanation of a 
structure in a, case in which the present invention is 
applied to a semiconductor laser of a ridge structu re 
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as a fourth embodiment of the semiconductor light 
emitting device according to the present invention; 
FIG. 9 is a cross sectional view for explanation of a 
structure of a semiconductor laser 30* formed on a 
p-type semiconductor substrate as a fifth embodi- 
ment of the semiconductor light emitting device ac- 
cording to the present invention; 
FIG. 1 0 is a diagram for explanation of the charac- 
teristics of the refractive indices of the respective 
layers in the semiconductor laser 30 applied as a 
sixth embodiment of the semiconductor light emit- 
ting device according to the present invention; 
FIG. 11 is a diagram for explanation of the charac- 
teristics of the refractive indices of respective layers 
in a semiconductor laser 40 applied as a seventh 
embodiment of the semiconductor light emitting de- 
vice according to the present invention; 
FIG. 12 is a perspective view for explanation of a 
structure of a conventional semiconductor laser; 
FIG. 13 is a cross sectional view for explanation of 
a structure of a main portion of the semiconductor 
laser of FIG. 12; 

FIG. 14 is a diagram for explanation of the charac- 
teristics of the refractive indices of the respective 
layers in the semiconductor laser of FIG. 12; and 
FIG. 15 is a diagram for explanation of the charac- 
teristics of the refractive indices of the respective 
layers in a case in which an optical field layer is pro- 
vided in an n-type cladding layer as another con- 
ventional semiconductor laser. 

[0068] Reference wili now be made in detail to the 
presently preferred embodiments of the invention as il- 
lustrated in the accompanying drawings, in which like 
reference numerals designate like or corresponding 
parts. 

[0069] Hereinafter, embodiments of a semiconductor 
light emitting device according to the present invention 
will be described with reference to the drawings. 

(First Embodiment) 

[0070] FIG. 1 is a perspective view for explanation of 
an entire structure of a semiconductor laser 30 applied 
as a first embodiment of a semiconductor light emitting 
device according to the present invention. 
[0071] FIG. 2 is a cross sectional view for explanation 
of a structure of a main portion of the semiconductor la- 
ser 30 of FIG. 1. 

[0072] Note that, in this structure of the semiconduc- 
tor laser 30, portions which are the same as those of the 
conventional semiconductor laser 10 described above 
are denoted by the same reference numerals, and will 
be described. 

[0073] In the semiconductor laser 30 according to the 
first embodiment, on a semiconductor substrate 11 
formed from n-type InP, an n-type cladding layer 32 
formed from n-type InGaAsP, a first SCH layer 13 



formed from InGaAsP, an active layer 14 formed from 
InGaAsP, and a second SCH layer 15 formed from In- 
GaAsP are successively formed by a grown method 
which will be described later, or the like. 

5 [0074] Note that, the n-type cladding layer 32, the first 
SCH layer 13, the active layer 14, and the second SCH 
layer 15 are formed to be a mesa type. 
[0075] A first buried layer 1 6 formed from p-type InP 
and a second buried layer 17 formed from n-type InP 

10 are formed at the both sides of the respective layers 
formed to be a mesa type. 

[0076] In this case, the first buried layer 1 6 is formed 
as a lower buried layer in a state in which one surface 
thereof contacts the semiconductor substrate 1 i at the 
is both sides of the aforementioned respective layers 
formed to be a mesa type. 

[0077] Further, the second buried layer 1 7 is formed 
as an upper buried layer in a state in which one surface 
thereof contacts a p-type cladding layer 1 8 which will be 
described later and the other side thereof contacts the 
other side of the buried layer 1 6 at the both sides of the 
respective layers formed to be a mesa type. 
[0078] Furthermore, the p-type cladding layer 18 
formed from p-type InP is formed at the upper side of 
the second SCH layer 1 5 and the top surface of the sec- 
ond buried layer 17. 

[0079] A p electrode 20 is provided at the top surface 
of a p-type contact layer 1 9 formed at the top surface of 
the p-type cladding layer 18. 

[0080] An n electrode 21 is provided at the bottom sur- 
face of the n-type semiconductor substrate 11 . 
[0081] In addition, as the active layer 14, as shown in 
FIG. 1 , a bulk structure structured from one uniform ma- 
terial may be used. 

[0082] However, here, in order to realize a good os- 
cillation characteristic as the semiconductor laser 30, as 
shown in FIG. 2, a four-layer MQW (Multi-quantum welt) 
structure, in which four well layers 14a and five barrier 
layers 14b positioned at the both sides of the respective 
well layers 14a are alternately formed, is used as the 
active layer 1 4. 

[0083] A multilayer structure formed from a plurality 
of layers (three layers in the illustration) 13a, 13b, and 
1 3c, 1 3N is used as the first SCH layer 1 3 positioned 
at the lower side of the active layer 1 4 having the four- 
layer MQW structure. 

[0084] Also, a multilayer structure formed from a plu- 
rality of layers (three layers in the illustration) 15a, 15b, 
15c, — , 15N is used as the second SCH layer 15 posi- 
tioned at the upper side of the active layer 14. 
[0085] As shown in FIG. 2, a refractive index of the 
barrier layer 14b in the active layer 14 is ns, and a re- 
fractive index of the n-type cladding layer 32 is na, and 
a refractive index of the p-type cladding layer 1 8 is nb. 
[0086] Further, the respective refractive indices and 
the respective thickness of the plurality of layers 13a, 
13b, and 13c structuring the first SCH layer 13 are re- 
spectively n1 , n2, n3, •*-, nN and t1 , t2, t3, tN at order 
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close from the active layer 15. 

[0087] In the same way, the respective refractive in- 
dices and the respective thickness of the plurality of lay- 
ers 1 5a, 1 5b, and 1 5c structuring the second SCH layer 
15 are respectively n1, n2, n3, — , nN and t1, t2, t3, — , s 
tN at order close from the active layer 14. 
[0088] The relationship of the magnitudes of the re- 
fractive indices of the respective layers is set such that 
the refractive index of the active layer 14 is the highest, 
and the refractive indices decrease so as to become 10 
smaller the further away from the active layer 14. In ad- 
dition, the refractive index na of the n-type cladding layer 
32 formed from InGaAsP is set so as to be higher than 
the refractive index nb of the p-type cladding layer 18. 
[0089] Namely, the relationship of the magnitudes of 15 
the refractive indices of the respective layers is set so 
as to be: 

ns > n1 > n2 > n3 >, — , > nN > na > nb. 2Q 

[0090] Moreover, in the semiconductor laser 30, as 
shown in FIG. 3, the refractive index differences be- 
tween the layers which are adjacent to one another in 
the plurality of layers structuring the first SCH layer 13 25 
and the second SCH layer 15 are set so as to become 
smaller the further toward the both cladding layers 32 
and 18 from the active layer 14. 
[0091] Namely, the refractive index differences be- 
tween the layers which are adjacent to one another are 30 
set so as to be: 

ns-n1 > n1-n2 > n2-n3 >, •«, > nN-nb > nN-na. 

35 

[0092] Further, the thickness t1 , t2, and t3 of the re- 
spective layers 13a, 13b, and 13c, and 15a, 15b, and 
15c structuring the first SCH layer 13 and the second 
SCH layer 15 are set so as to be equal to one another. 
[0093] Namely, the thickness of the respective layers 40 
is set so as to be: 

tl =t2 = t3=, =tN. 

45 

[0094] In the semiconductor laser 30 structured in this 
way, when a direct voltage is applied between the p elec- 
trode 20 and the n electrode 21 , light P is generated at 
the active layer 14, and the light P is emitted to the ex- 
terior from end surfaces 22a and 22b of the semicon- so 
ductor laser 30. 

[0095] In this case, as shown in the characteristic of 
refractive index of FIG. 3, the refractive index differenc- 
es between the layers which are adjacent to one another 
in the plurality of layers structuring the first SCH layer ss 
13 and the second SCH layer 15 are set so as to become 
smaller the further toward the both cladding layers 32 
and 1 8 from the active layer 1 4. 



[0096] In accordance therewith, at a region where the 
refractive indices are high in regions in the vicinity of the 
active layer 14 in the first SCH layer 13 and the second 
SCH layer 1 5, the refractive indices between the respec- 
tive layers drastically decrease. At the regions where the 
refractive indices are low in regions in the vicinity of the 
both cladding layers 32 and 18, the refractive indices 
between the respective layers gently decrease. 
[0097] Therefore, in the semiconductor laser 30, the 
degree of concentration of light in the optical waveguide 
is attenuated. Namely, the optical confinement coeffi- 
cient can be lowered, and the internal loss is reduced. 
[0098] Further, in the semiconductor laser 30 struc- 
tured in this way, because the refractive index n a of the 
n-type cladding layer 32 formed from InGaAsP is higher 
than the refractive index nb of the p-type cladding layer 
18 formed from InP, as shown in FIG. 4, the distribution 
of light is distributed so as to deflect to the n-type clad- 
ding layer 32 side as the characteristic curve A as com- 
pared with the characteristic curve A' which is vertically 
symmetrical taking the active layer 14 as the center 
when the both cladding layers are made to have the 
same refractive indices. 

[0099] Therefore, in the semiconductor laser 30 struc- 
tured in this way, an increase of optical loss by interva- 
lence band light absorption at the p-type cladding layer 
1 8 due to the optical confinement coefficient at the ac- 
tive layer 1 4, the first SCH layer 1 3, and the second SCH 
layer 15 being lowered, can be suppressed, and high- 
power laser beam can be outputted due to the suppres- 
sion. 

[0100] In thesemiconductorlaser30structured in this 
way, because a refractive index difference of the active 
layer 1 4 and the n-type cladding layer 32 is smaller than 
that in the conventional semiconductor laser, a maxi- 
mum width of the active layer which can suppress a lat- 
eral high-order mode can be enlarged. In accordance 
therewith, there is further advantage for making laser 
light have high-power. 

[0101] Moreover, in the semiconductor laser 30 struc- 
tured in this way, the structure thereof is simpler than 
that of the conventional semiconductor laser at which 
an optical field control layer whose refractive index is 
high is provided in the n-type cladding layer as de- 
scribed above, and the width of the active layer 14 can 
be enlarged. In accordance therewith, deterioration of 
can be prevented due to an increase of the value of re- 
sistance of element. 

[0102] In addition, in the semiconductor laser 30 
structured in this way, because there is no need to in- 
crease the thickness of the p-type cladding layer 18, 
there is no concern that the deterioration of light output 
due to the increase of the value of resistance of element 
is brought about as the conventional semiconductor la- 
ser. 



9 



17 



EP1 416 598 A2 



18 



(Second Embodiment) 

[0103] FIG. 5 is a diagram for explanation of the char- 
acteristics of the refractive indices of the respective lay- 
ers in a semiconductor light emitting device according 
to a second embodiment of the present invention. 
[01 04] Note that a structure of the semiconductor light 
emitting device according to the second embodiment is 
the same way as that of the first embodiment shown in 
FIG. 1. 

[0105] In the first embodiment described above, as a 
method for reducing the optical confinement coefficient 
at the active layer 14, the first SCH layer 13, and the 
second SCH layer 15, the refractive index differences 
between the layers which are adjacent to one another 
in the plurality of layers structuring the first SCH layer 
1 3 and the second SCH layer 1 5 are set so as to become 
smaller the further away from the active layer 14, the 
thickness relationship of the respective layers are set so 
as to be equal to one another. 

[0106] In the second embodiment, as shown in FIG. 
5, the relationship of the magnitudes of the refractive 
indices of the respective layers is set to be the relation- 
ship: 

ns > n1 > n2 > n3 >, nN > na > nb 

such that the refractive indices become smaller the fur- 
ther away from the active layer 1 4 including the relation- 
ship that the refractive index ns of the active layer 14 is 
the highest, and the refractive index na of the n-type 
cladding layer 32 is higher than the refractive index nb 
of the p-type cladding layer 18. 

[0107] In addition thereto, in the second embodiment, 
as a method for reducing the optical confinement coef- 
ficient at the active layer 1 4, the first SCH layer 1 3, and 
the second SCH layer 1 5, the refractive index differenc- 
es between the layers which are adjacent to one another 
in the plurality of layers structuring the first SCH layer 
13 and the second SCH layer 15 are set so as to be 
equal to one another, and the thickness t1 , t2, and t3 of 
the respective layers 13a, 13b, and 13c, and 15a, 15b, 
and 1 5c are set so as to become larger the further away 
from the active layer 14. 

[0108] Namely, the refractive index differences be- 
tween the layers which are adjacent to one another are 
set so as to be: 

ns-n1 = n1-n2 = n2-n3 =, — , = nN-nb 



[01 1 0] In the second embodiment, because the char- 
acteristics of the refractive indices are set as described 
above, at a region where the refractive indices are high 
in regions in the vicinity of the active layer 14 in the first 
5 SCH layer 1 3 and the second SCH layer 1 5, the refrac- 
tive indices between the respective layers drastically de- 
crease. At a region where the refractive indices are low 
in regions in the vicinity of the both cladding layers 32 
and 18, the refractive indices between the respective 

w layers gently decrease. 

[0111] Therefore, in the semiconductor laser 30, the 
degree of concentration of light is attenuated in the op- 
tical waveguide. Namely, the optical confinement coef- 
ficient can be lowered, and the internal loss is reduced. 

15 [on 2] In this case as well, because the refractive in- 
dex na of the n-type cladding layer 32 formed from In- 
GaAsP is higher than the refractive index nb of the p- 
type cladding layer 1 8 formed from InP, as shown in FIG. 
4 described above, the distribution of light is distributed 

20 so as to deflect to the n-type cladding layer 32 side. 
[01 1 3] Therefore, in the semiconductor laser 30 struc- 
tured in this way, an increase of optical loss by interva- 
lence band light absorption at the p-type cladding layer 
1 8 due to the optical confinement coefficient at the ac- 

25 tive layer 1 4, the first SCH layer 1 3, and the second SCH 
layer 15 being lowered, can be suppressed, and high- 
power laser output beam can be obtained. 

(Third Embodiment) 

30 

[0114] FIG. 6 is a diagram for explanation of charac- 
teristics of the refractive indices of respective layers of 
a semiconductor light emitting device according to a 
third embodiment of the present invention. 

35 [0115] Note that, a structure of the semiconductor 
light emitting device according to the third embodiment 
is the same as that of the first embodiment. 
[01 1 6] In the first embodiment described above, as a 
method for reducing the optical confinement coefficient 

40 at the active layer 14, the first SCH layer 13, and the 
second SCH layer 15, the refractive index differences 
between the layers which are adjacent to one another 
in the plurality of layers structuring the first SCH layer 
1 3 and the second SCH layer 1 5 are set so as to become 

45 smaller the further away from the active layer 1 4, the 
relationship of the thickness of the respective layers is 
set so as to be equal to one another. 
[0117] In the third embodiment, as shown in FIG. 6, 
the relationship of the magnitudes of the refractive indi- 

50 ces of the respective layers is set to be the relationship: 



(where, nN-nb > nN-na). 

[01 09] Further, the relationship of the thickness of the 
respective layers is set so as to be: 

t1 <t2<t3<, ... <tN. 



ns > n1 > n2 > n3 >, ••*, > nN > na > nb 

55 such that the refractive indices become smaller the fur- 
ther away from the active layer 1 4 including the relation- 
ship that the refractive index ns of the active layer 14 is 
the highest, and the refractive index na of the n-type 
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cladding layer 32 is higher than the refractive index nb 
of the p-type cladding layer 1 8. 
[0118] In addition thereto, in the third embodiment, as 
a method for reducing the optical confinement coeffi- 
cient at the active layer 14, the first SCH layer 1 3, and 5 
the second SCH layer 15, the refractive index differenc- 
es between the layers which are adjacent to one another 
in the plurality of layers structuring the first SCH layer 
1 3 and the second SCH layer 1 5 are set so as to become 
smaller the further away from the active layer 14, and 10 
the thickness t1 , t2, and t3 of the respective layers 13a, 
13b, and 13c, and 15a, 15b, and 15c are set so as to 
become larger the further away from the active layer 1 4. 
[0119] Namely, the refractive index differences be- 
tween the layers which are adjacent to one another are *s 
set so as to be: 

ns-n1 > n1-n2 > n2-n3 >, — , > nN-nb > nN-na. 

20 

[0120] Further, the relationship of the thickness of the 
respective layers is set so as to be: 

1 1 < t2 < t3 <, .... < tN. 25 

[0121] In the third embodiment, because the charac- 
teristics of the refractive indices are set as described 
above, at a region where the refractive indices are high 
in regions in the vicinity of the active layer 1 4 in the first 30 
SCH layer 1 3 and the second SCH layer 15, the refrac- 
tive indices between the respective layers drastically de- 
crease. At a region where the refractive indices are low 
in regions in the vicinity of the both cladding layers 32 
and 18, the refractive indices between the respective 35 
layers gentry decrease. 

[0122] Therefore; in the semiconductor laser 30, the 
degree of concentration of light is attenuated in the op- 
tical waveguide. Namely, the optical confinement coef- 
ficient can be lowered, and the internal loss is reduced. 40 
[0123] In this case as well, because the refractive in- 
dex na of the n -type cladding layer 32 formed from In- 
GaAsP is higher than the refractive index nb of the p- 
type cladding layer 18 formed from InP, as shown in FIG. 
4 described above, the distribution of light is deflected 45 
to the n-type cladding layer 32 side. 
[01 24] Therefore, in the semiconductor laser 30 struc- 
tured in this way, an increase of optical loss by interva- 
lence band light absorption at the p-type cladding layer 
18 due to the optical confinement coefficient at the ac- so 
tive layer 1 4, the first SCH layer 1 3, and the second SCH 
layer 15 being lowered, can be suppressed, and the 
high-power laser output beam can be obtained. 

(Concrete numerical examples and characteristics 55 
thereof) 

[0125] Next, the concrete numerical examples of the 



lengths, the widths, the thickness, the refractive indices 
of the respective portions of the semiconductor laser 30 
according to the third embodiment as described above, 
which has the characteristics of the refractive indices as 
shown in FIG. 6 and the characteristics thereof will be 
described. 

[01 26] First, a resonator length L in the semiconductor 
laser 30 is set to be L = 2.3 mm in the structure shown 
in FIG. 1. 

[0127] One of the end surfaces 22a and 22b at the 
semiconductor laser 30 is an HR (high reflective) film, 
and the other is an LR (low reflective) film. 
[0128] The width of the active layer 14 at the semi- 
conductor laser 30 is set to 4.0 pm. 
[0129] Further, the refractive indices ns, n1, n2, n3, 
and na of the respective layers 14, 13a, 13b, 13c, 15a, 
1 5b, 1 5c, 32 and 1 8 as described above at the semicon- 
ductor laser 30 are expressed by bandgap wavelength, 
and set as follows. 

ns = 1 .2 ujti 

n1 = 1 .15 ujti 

n2 = 1 .08 ujti 

n3 = 0.99 ujti 

na = 0.95 ujti 

nb = 0.93 urn 

[0130] Note that, because the p-type cladding layer 
1 8 is structured from InP whose bandgap is determined, 
the bandgap wavelength nb is unconditionally 0.93 urn. 
[0131 ] Furthermore, the thickness t1 , t2, and t3 of the 
respective layers as described above at the semicon- 
ductor laser 30 are set as follows. 

t1 = 3.0 nm 

t2 = 8.0 nm 

t3 = 25 nm 

[0132] Although the thickness of the n-type cladding 
layer 32 is set to about 7.5 urn, it is usually difficult to 
match the lattice intervals of InGaAsP, which is four el- 
ements, and to form the InGaAsP to such a size. 
[0133] In particular, when the bandgap wavelength na 
of the n-type cladding layer 32 is 0.95 um, because the 
ratio of Ga and As is a slight quantity with respect to In 
and P, the difficulty of forming to such a thickness in- 
creases even more. 

[0134] Therefore, in the present invention, the n-type 
cladding layer 32 which is formed so as to have the thick- 
ness of about 7.5 \um and whose bandgap wavelength 
na is 0.95 jim by the introduction of a dilution material, 
or by the fluid flow of respective gases and the control 
of growth rate, can be achieved. 

(Example of manufacturing process) 

[0135] Next, an example of the process of manufac- 
turing the semiconductor laser 30 in which the lengths, 
the widths, and the refractive indices of the respective 
portions are set as described above will be described. 
[0136] First, on the semiconductor substrate 11 of n- 
type InP whose impurity concentration is 1 to 2X1 0 18 / 
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cm 3 , the n-type cladding layer 32 formed from InGaAsP 
whose layer thickness is 7.5 pm and whose impurity 
concentration is 1 to 2x10 18 /cm 3 t and whose bandgap 
wavelength is 0.95 ujti is formed by using the organo- 
metallic vapor phase epitaxy (MOVPE) method. 
[0137] Next, on the n-type cladding layer 32, the first 
SCH layer. 1 3 is formed as a multilayer structure, due to 
non-doped InGaAsP whose bandgap wavelengths are 
respectively 0.99 urn, 1 .08 urn, and 1 .15 \im being suc- 
cessively made to grow such that the thickness thereof 
are respectively 25 nm, 8 nm, and 3 nm, as the plurality 
of layers 13a, 13b, and 13c structuring the first SCH lay- 
er 13. 

[0138] Due to the four layer well layers 14a formed 
from InGaAsP and the five layer barrier layers 14b 
formed from InGaAsP being alternately made to grow 
on the first SCH layer 13, the active layer 14 of the multi- 
quantum well structure in which the number of well lay- 
ers is four is formed. 

[01 39] Next, due to non-doped InGaAsP whose band- 
gap wavelengths are respectively 1.15 \im t 1.08 u,m, 
and 0.99 p.m being successively made to grow on the 
active layer 14 such that the thickness thereof are re- 
spectively 3 nm, 8 nm, and 25 nm, as the plurality of 
layers 15a, 15b, and 15c structuring the second SCH 
layer 15, the second SCH layer 15 is formed as a mul- 
tilayer structure. 

[0140] Further, a lower layer portion of the p-type 
cladding layer 18 formed from InP whose impurity con- 
centration is 5 to 7xl0 17 /cm 3 , and whose thickness is 
0.5 nm is made to grow on the second SCH layer 1 5. 
[0141] Thereafter, a SiNx film is accumulated so as to 
be about several ten nm on the entire surface by the 
plasma CVD method or the like, and due to the layers 
being immersed in etching solution formed from mixed 
liquid of hydrochloric acid, hydrogen peroxide, and wa- 
ter, by using the SiNx film formed to be a stripe shape 
whose width is about 7 ^im by the photolithography proc- 
ess as an etching mask, the n-type cladding layer 32, 
the first SCH layer 13, the active layer 14, and the sec- 
ond SCH layer 1 5 are formed to be a mesa type. 
[0142] In accordance therewith, the width of the active 
layer 14 portion is about 4 pm. 

[0143] Next, by using the SiNx film as a growth inhi- 
bition mask, after the first buried layer 16 and the second 
buried layer 1 7 are buried at both the sides of the re- 
spective layers formed to be a mesa type due to the p- 
type InP first buried layer (lower buried layer) 16 and the 
n-type InP second buried layer (upper buried layer) 17 
being made to grow by the MOVPE method , the SiNx is 
eliminated. 

[0144] Thereafter, an upper layer portion of the p-type 
cladding layer 18 formed from InP whose impurity con- 
centration is 5 to 7x 1 0 17 /cm 3 is made to grow such that 
the thickness thereof is 2.5 \im, on the entire surface of 
the lower layer portion of the p-type cladding layer 18. 
[0145] Moreover, the p-type contact layer 19 of In- 
GaAs whose impurity concentration is about 5X10 18 / 



cm 3 is made to grow such that the thickness thereof is 
0.3 jim, on the p-type cladding layer 18. 
[0146] The p electrode 20 is then formed on the top 
surface of the p-type contact layer 1 9. 

5 [0147] Furthermore, the n-type electrode 21 is formed 
at the lower side of the semiconductor substrate 11 . 
[0148] Next, after a semiconductor chip formed 
shown in FIG. 1 is cut out such that the length thereof 
is L = 2.3 mm, the semiconductor laser 30 is manufac- 

10 tured due to the LR film and the HR film being respec- 
tively applied at the front end surface 22a and the rear 
end surface 22b. 

(Current-output characteristic of the semiconductor 
15 laser 30) 

[0149] FIG. 7 shows the current-output characteristic 
of the semiconductor laser 30 manufactured as de- 
scribed above. 

20 [01 50] In FIG. 7, the characteristic curve F shows cur- 
rent vs. output characteristic of the semiconductor laser 
30 according to the present invention manufactured in 
accordance with the above-described numerical exam- 
ples, and the characteristic curve P shows current vs. 

25 output characteristic of the conventional semiconductor 
laser which uses a conventional n-type cladding layer 
12 whose refractive index is equal to that of the p-type 
cladding layer 1 8, in place of the n-type cladding layer 
32, and in which the width of the active layer is 3.3 jim. 

30 [01 51 ] As is clear from FIG. 7, the light output by the 
characteristic curve F of the semiconductor laser 30 
manufactured by the present invention is largerthan the 
light output by the characteristic curve P of the conven- 
tional semiconductor laser. 

35 [0152] In the light output by the characteristic curve F 
of the semiconductor laser 30 manufactured by the 
present invention, in particular, the slope efficiency (in- 
clination) at the low current region is markedly larger 
than that of the characteristic curve P of the convention- 
al? al semiconductor laser. 

[0153] Further, the light output by the characteristic 
curve F of the semiconductor laser 30 manufactured by 
the present invention is a high power greatly exceeding 
700 mW, as compared with the characteristic curve P 

45 of the conventional semiconductor laser in which the 
light output is limited to 650 mW at the most. 
[0154] These are exhibited as the marked effects of 
the semiconductor laser 30 of the present invention by 
using the n-type cladding layer 32 formed from InGaAaP 

50 whose refractive index is higher than that of the p-type 
cladding layer 18 formed from InP. 
[0155] Namely, in the semiconductor laser 30 struc- 
tured in this way, because the distribution of light can be 
deflected to the n-type cladding layer 32 side, the effect 

55 that the quantity of optical loss by intervalence band light 
absorption on the basis of the distribution of light in the 
p-type cladding layer 1 8 is suppressed, and an attempt 
can be made to make the light output as the semicon- 
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ductor laser 30 have high-power by the quantity of sup- 
pression, can be obtained. 

[0156] In the semiconductor laser 30 manufactured 
according to the present invention, due to the width of 
the active layer 14 being able to be enlarged so as to 
be greater than or equal to 4.0 jim, the heat radiating 
effect is made to be large, and the current value of the 
saturation power increases, and that much more high- 
power light output (a maximum of about 850 mW) can 
be obtained. 

[0157] Further, the optical confinement coefficient in 
the p-type cladding layer 1 8 of the semiconductor laser 
30 is 21%, and it has been confirmed that it is greatly 
reduced as compared with 42% which is the confine- 
ment coefficient of the conventional structure. 
[0158] Moreover, with respect to the value of the in- 
ternal loss estimated from semiconductor lasers actual- 
ly manufactured, the value is 5 to 6 cm -1 in the semicon- 
ductor laser of the conventional structure. In contrast, 
the value in the semiconductor laser 30 is improved so 
as to be up to 3.5 cm' 1 . 

(Fourth Embodiment) 

[0159] FIG. 8 is a diagram for explanation of a struc- 
ture in a case in which the present invention is applied 
to a semiconductor laser 40 of a ridge structure as a 
semiconductor light emitting device according to a 
fourth embodiment of the present invention. 
[0160] The semiconductor laser 30 according to the 
first to third embodiments described above is the buried 
structure. However, the present invention can be ap- 
plied to the semiconductor laser 40 having the ridge 
structure shown in FIG. 8 as an example of the semi- 
conductor light emitting device according to the fourth 
embodiment of the present invention. 
[0161] Note that in the structure of the semiconductor 
laser 40 according to the fourth embodiment, portions 
which are the same as those of the semiconductor laser 
30 according to the first to third embodiments described 
above are denoted by the same reference numerals, 
and will be described. 

[0162] In the semiconductor laser 40 according to the 
fourth embodiment, on the semiconductor substrate 11 
formed from n-type InP, the n-type cladding layer 32 
formed from n-type InGaAsP, the first SCH layer 13 
formed from InGaAsP, the active layer 14 formed from 
InGaAsP, and the second SCH layer 1 5 formed from In- 
GaAsP are successively formed by a grown method as 
described above, or the like. 

[0163] The p-type cladding layer 18 formed on the 
second SCH layer 1 5 is formed as a ridge structure por- 
tion in which the both side portions at the outer side are 
formed so as to be low, and the substantially central por- 
tion is heaped to the upper side. 
[0164] The contact layer 19 is formed on the upper 
side of the aforementioned ridge structure portion at the 
p-type cladding layer 18 formed in this way. 



[0165] An insulating layer 24 formed from Si0 2 is 
formed so as to open the central portion of the contact 
layer 1 9 and cover the p-type cladding layer 1 8 including 
the ridge structure portion. 

5 [0166] Further, the n electrode 20 is formed at the up- 
per portion of the insulating layer 24 in a state in which 
one portion thereof is connected to the contact layer 1 9. 
[0167] Note that, in FIG. 8, reference numeral 21 is 
the n electrode 21 formed at the bottom surface of the 

10 semiconductor substrate 11. 

[01 68] In the case of the semiconductor laser 40 hav- 
ing such a ridge structure as well, because the n-type 
cladding layer 32 formed from InGaAsP whose refrac- 
tive index is larger than that of the p-type cladding layer 

15 18 formed from InP is used, in the same way as in the 
semiconductor laser 30 according to the first to third em- 
bodiments described above, because the distribution of 
light can be deflected to the n-type cladding layer 32 
side, high-power laser output beam can be obtained. 

20 

(Fifth Embodiment) 

[0169] FIG. 9 is a diagram for explanation of a semi- 
conductor laser 30' structured on a p-type semiconduc- 

25 tor substrate as a semiconductor light emitting device 
according to a fifth embodiment of the present invention. 
[0170] The semiconductor laser 30 according to the 
first to third embodiments shows the example in which 
the respective layers are formed on the n-type semicon- 

30 ductor substrate 11 . However, as shown in FIG. 9 as the 
fifth embodiment, the present invention can be applied 
to the semiconductor laser 30' in which respective layers 
are structured on a p-type semiconductor substrate 11' 
in the same way. 

35 [0171] Note that, in the structure of the semiconductor 
laser 30' according to the fifth embodiment, portions 
which are the same as those of the semiconductor laser 
30 according to the first to third embodiments described 
above are denoted by the same reference numerals, 

40 and will be described. 

[0172] In the semiconductor laser 30' according to the 
fifth embodiment, as shown in FIG. 9, on the semicon- 
ductor substrate 11' formed from p-type InP, the p-type 
cladding layer 18 formed from p-type InP, the second 

45 SCH layer 1 5 formed from InGaAsP, the active layer 14 
formed from InGaAsP, and the first SCH layer 1 3 formed 
from InGaAsP are successively formed by a grown 
method as described above, or the like. 
[01 73] Note that the p-type cladding layer 1 8, the sec- 

50 on d SCH layer 1 5, the active layer 1 4, and the first SCH 
layer 13 are formed to be a mesa type. 
[01 74] Trie second buried layer 1 7 formed from n-type 
InP and the first buried layer 1 6 formed from p-type InP 
are formed at the both sides of the respective layers 

55 formed to be a mesa type. 

[0175] In this case, the second buried layer 17 is 
formed as a lower buried layer in a state in which one 
surface thereof contacts the p-type cladding layer 1 8 at 



20 



13 



25 



EP 1 416 598 A2 



26 



the both sides of the aforementioned respective layers 
formed to be a mesa type. 

[0176] The first buried layer 1 6 is formed as an upper 
buried layer in a state in which one surface thereof con- 
tacts the n-type cladding layer 32 which will be de- 5 
scribed later and the other side thereof contacts the oth- 
er side of the second buried layer 1 7 at the both sides 
of the respective layers formed to be a mesa type. 
[0177] Further, the n-type cladding layer 32 formed 
from n-type InGaAsP is formed at the upper side of the 10 
first SCH layer 1 3 and the top surface of the first buried 
layer 1 6. 

[0178] The n electrode 21 is provided on the top sur- 
face of the n-type cladding layer 32. 

[0179] The p electrode 20 is provided at the bottom 15 
surface of the p-type semiconductor substrate 11'. 
[0180] In this way, in the semiconductor laser 30* in 
which the respective layers are formed on the p-type 
semiconductor substrate 11' as well, due to the n-type 
" cladding layer 32 being structured from InGaAsP whose 20 
refractive index is higher than that of the p-type cladding 
layer 1 8 formed from In P, the same effect as in the sem- 
iconductor laser 30 according to the first to third embod- 
iments can be obtained. 

25 

(Sixth Embodiment) 

[0181] FIG. 10 is a diagram for explanation of charac- 
teristics of the refractive indices of respective layers of 
a semiconductor light emitting device according to a 30 
sixth embodiment of the present invention. 
[0182] Note that, a structure of the semiconductor 
light emitting device according to the sixth embodiment 
is the same as in the first embodiment. 
[0183] In the semiconductor laser 30 according to the 35 
first to third embodiments described above, the refrac- 
tive index nN of the outermost layer 13N of the first SCH 
layer 1 3 is set so as to be higher than the refractive index 
naof the n-type cladding layer 32 formed from InGaAsP 
(na < nN). 40 
[0184] However, in the semiconductor laser 30 ac- 
cording to the sixth embodiment, as shown in FIG. 10, 
the refractive index nN of the outermost layer 13N of the 
first SCH layer 13 is set so as to be lower than the re- 
fractive index na of the n-type cladding layer 32 formed 45 
from InGaAsP (na> nN). 

[01 85] In the semiconductor laser 30 in which the re- 
spective layers are structured in this way, due to the n- 
type cladding layer 32 being structured from InGaAsP 
whose refractive index is higher than that of the p-type so 
cladding layer 1 8 formed from InP, the same effect as in 
the semiconductor laser 30 according to the first to third 
embodiments described above can be obtained. 
[01 86] Further, in the semiconductor laser 30 accord- 
ing to the sixth embodiment, the refractive index nN of 55 
the outermost layer 13N of the first SCH layer 13 being 
set so as to be lower than the refractive index na of the 
n-type cladding layer 32 formed from InGaAsP, the ef- 



fect that carrier (hall) which is injected is prevented from 
overflowing can be obtained. 

[0187] Note that, in the semiconductor laser 30 ac- 
cording to the sixth embodiment, as shown in FIG. 1 0, 
the relationship of the magnitudes of the refractive indi- 
ces of the respective layers is set to be the relationship: 

ns > n1 > n2 > n3 >, — , > nN > nb, 

and 

na > nN 

[01 88] such that the refractive indices become small- 
er as the layers go away from the active layer including 
the relationship that a refractive index ns of a layer hav- 
ing the lowest refractive index of a plurality of layers 
structuring the active layer 14 is the highest, and the 
refractive index na of the n-type cladding layer 32 is 
higher than the refractive index nb of the p-type cladding 
layer 1 8. 

[0189] In addition thereto, in the semiconductor laser 
30 according to the sixth embodiment, other than the 
fact that the refractive index nN of the outermost layer 
13N of the first SCH layer 13 is set so as to be lower 
than the refractive index na of the n-type cladding layer 
32 formed from InGaAsP (na > nN), the refractive index 
differences between the layers which are adjacent to 
one another in the plurality of layers structuring the first 
SCH layer 13 and the second SCH layer 15 are set to 
be the relationship: 

ns-n1 > n1-n2 > n2-n3 >, — , > n(N-1)-nN 

such that the refractive index differences become small- 
er the further toward the both cladding layers 32 and 18 
from the active layer 14. 

[0190] Further, the thickness of the respective layers 
is set to be the relationship: 

t1 =t2 = t3=, =tN 

such that the thickness are equal to one another. 
[0191] Namely, this is applied such that some of the 
characteristics of refractive indices (ns-n1 > n1-n2 > 
n2-n3 >, > nN-nb > nN-na) of the semiconductor laser 
30 according to the first embodiment shown in FIG. 3 
described above are modified. 

[0192] However, the structure in which the refractive 
index nN of the outermost layer 13N of the first SCH 
layer 13 in the semiconductor laser 30 according to the 
sixth embodiment is set so as to be lower than the re- 
fractive index na of the n-type cladding layer 32 formed 
from InGaAsP, can be applied as the structure in which 
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some of the characteristics of refractive indices of the 
semiconductor laser 30 according to the second embod- 
iment shown in FIG. 5 described above, in which the 
refractive index differences between the layers which 
are adjacent to one another in the plurality of layers 
structuring the first SCH layer 13 and the second SCH 
layer 15 are set so as to be equal (ns-n1 = n1-n2= n2-n3 
=, — , = nN-nb, where nN-nb > nN-na), and the thickness 
of the respective layers are set so as to become larger 
the further away from the active layer 1 4 (t1 < t2 < t3 < t 
— , < tN), are modified (ns-n1 = n1-n2 = n2-n3 =, — , = 
nN-nb.) 

[0193] Moreover, the structure in which the refractive 
index nN of the outermost layer 13N of the first SCH 
layer 1 3 in the semiconductor laser 30 according to the 
sixth embodiment is set so as to be lower than the re- 
fractive index n a of the n-type cladding layer 32 formed 
from InGaAsP can be applied as the structure in which 
some of the characteristic of the refractive indices of the 
semiconductor laser 30 according to the third embodi- 
ment shown in FIG. 6 described above, in which the re- 
fractive index differences between the layers which are 
adjacent to one another in the plurality of layers struc- 
turing the first SCH layer 1 3 and the second SCH layer 
1 5 are set so as to become smaller the further away from 
the active layer 14 (ns-n1 > n1-n2 > n2-n3 >, *•*, > nN- 
nb > nN-na), and the thickness of the respective layers 
are set so as to become larger (t1 < t2 < t3 <, — , < tN) 
the further away from the active layer 14, are modified 
(ns-n1 > n1-n2 > n2-n3 >, — , > n(N-1)-nN.) 

(Seventh Embodiment) 

[0194] FIG. 11 is a diagram for explanation of charac- 
teristics of the refractive indices of respective layers of 
a semiconductor light emitting device according to a 
seventh embodiment of the present invention. 
[0195] Note that, a structure of the semiconductor 
light emitting device according to the seventh embodi- 
ment is the same as in the first embodiment shown in 
FIG. 1. 

[0196] In the semiconductor laser 30 according to the 
first to third and sixth embodiments described above, 
the first SCH layer 13 and the second SCH layer 15 are 
provided at the both sides of the active layer 14. 
[0197] However, in the semiconductor laser 30 ac- 
cording to the seventh embodiment, as shown in FIG. 
11 , the first SCH layer 13 and the second SCH layer 15 
are not provided at the both sides of the active layer 1 4, 
and the p-type cladding layer 1 8 and the n-type cladding 
layer 32 are formed so as to be adjacent to one another 
at the both sides of the active layer 14. 
[01 98] In the semiconductor laser 30 in which the re- 
spective layers are structured in this way, due to the n- 
type cladding layer 32 being structured from InGaAsP 
whose refractive index is higher than that of the p-type 
cladding layer 18 formed from InP, the distribution of 
light can be deflected to the n-type cladding layer 32 



side. 

[01 99] Therefore, the quantity of optical loss by inter- 
valence band light absorption on the basis of the distri- 
bution of light in the p-type cladding layer 18 is sup- 

5 pressed, and an attempt can be made to make the light 
output as the semiconductor laser 30 have a higher 
power by the quantity of suppression. 
[0200] Accordingly, in the semiconductor laser 30 ac- 
cording to the seventh embodiment, except that the first 

10 SCH layer 1 3 and the second SCH layer 1 5 are not pro- 
vided at the both sides of the active layer 14, the same 
effect as in the semiconductor laser 30 according to the 
first to third embodiments described above can be ob- 
tained. 

15 

(Other modified examples) 

[0201 ] In the semiconductor laser 30 according to the 
third embodiment described above, the bandgap wave- 
length of InGaAsP structuring the n-type cladding layer 
32 is set to 0.95 u.m. However, the present invention is 
not limited thereto. 

[0202] However, although in accordance with the op- 
tical confinement coefficient to the active layer 14 as 
well, in the general high power semiconductor laser, if 
the bandgap wavelength of InGaAsP is made to be 
greater than 0.97 ujti, because the guided light is too 
strongly affected by the n-type cladding layer 32, a 
waveguide mode cannot exist. 

[0203] Therefore, the bandgap wavelength of In- 
GaAsP structuring the n-type cladding layer 32 is pref- 
erably made to be less than or equal to 0.97 u.m. 
[0204] Further, in the semiconductor laser 30 accord- 
ing to the third embodiment described above, the width 
of the active layer 14 is 4.0 \um. However, the present 
invention is not limited thereto. 
[0205] Namely, as described above, in the semicon- 
ductor laser 30 according to the present invention, be- 
cause the difference of the refractive indices of the ac- 
tive layer 14 and the n-type cladding layer 32 is smaller 
than that in the conventional semiconductor laser, the 
maximum width of the active layer which can suppress 
a lateral high-order mode can be enlarged so as to be 
wider than 3.3 ujti, which is the width of the active layer 
of the conventional semiconductor laser. In accordance 
therewith, there is further the advantage for making la- 
ser light have high-power. 

[0206] Therefore, as the semiconductor laser obtain- 
ing high-power light output as described in the present 
invention, it suffices that the width of the active layer 14 
can be enlarged to be at least greater than or equal to 
3.5 ujti. 

[0207] Further, the semiconductor light emitting de- 
vice according to the present invention can be applied 
to, in addition to the semiconductor lasers in accordance 
with the respective embodiments described above, in 
the same way, other semiconductor light emitting devic- 
es such as an external resonator type semiconductor 
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laser, a light emitting diode (LED), and the like. 

{Advantage of the Invention) 

[0208] As described above, in the semiconductor light 
emitting device according to the present invention, the 
n-type cladding layer is structured from InGaAsP whose 
refractive index is larger than that of the p-type cladding 
layer formed from In P. 

[0209] Therefore, the semiconductor light emitting de- 
vice according to the present invention can deflect the 
distribution of light to the n-type cladding layer side with 
the simple structure, and even when the confinement 
coefficient of the active layer is lowered, deterioration of 
light output by intervalence band light absorption at the 
p-type cladding layer can be prevented, so that high- 
power light output can be obtained. 
[0210] Furthermore, in the semiconductor light emit- 
ting device according to the present invention, because 
the refractive index difference of the active layer and the 
n-type cladding layer is smaller than that of the prior art, 
the maximum width of the active layer which can sup- 
press a lateral high-order mode can be enlarged, there 
is further the advantage for making light output have 
high-power. 

[0211] Also, in the semiconductor light emitting device 
according to the present invention, there is no need to 
increase the thickness of the p-type cladding layer, and 
there is no concern that the deterioration of light output 
due to an increase of the value of resistance of element 
is brought about. 

[0212] Consequently, according to the present inven- 
tion, a semiconductor light emitting device which can ob- 
tain high-power light output with a simple structure can 
be provided. 

[0213] Moreover, according to the present invention, 
even when the optical confinement coefficient to the ac- 
tive layer is lowered, a semiconductor light emitting de- 
vice which can obtain high-power light output with a sim- 
ple structure, and in which it is difficult to generate mode 
displacement can be provided. 



Claims 

1. A semiconductor light emitting device comprising: 

a semiconductor substrate (11) formed from 
InP; 

an active layer (14) formed at the upper side of 
the semiconductor substrate (11); and 
an n-type cladding layer (32) and a p-type clad- 
ding layer (18) formed from InP, which are 
formed so as to hold the active layer (14) ther- 
ebetween, 



30 

wherein, the semiconductor light emitting de- 
vice is, given that a refractive index of the n-type 
cladding layer (32) is na, and a refractive index of 
the p-type cladding layer (18) is nb, set so as to be 
5 the relationship of na > nb in which the refractive 
index na of the n-type cladding layer (32) is higher 
than the refractive index nb of the p-type cladding 
layer (1 8), and due to the distribution of light gener- 
ated by the active layer (14) being deflected to the 
10 n-type cladding layer (32) side, optical loss by inter- 
valence band light absorption at the p-type cladding 
layer (18) is suppressed, and high-power light out- 
put can be obtained. 

is 2. A semiconductor light emitting device according to 
claim 1, characterized in that the semiconductor 
light emitting device further comprises: 

a first SCH (Separate Confinement Heter- 
20 ostructure) layer (13) formed from InGaAsP, 

which is formed between the active layer (14) 
and the n-type cladding layer (32); and 
a second SCH layer (15) formed from InGaAsP, 
which is formed between the active layer (14) 
25 and the p-type cladding layer (1 8). 

3. A semiconductor light emitting device according to 
claim 1 or 2, characterized in that the active layer 
(14) includes a bulk structure structured from one 

30 uniform material. 

4. A semiconductor light emitting device according to 
claim 1 or 2, characterized in that the active layer 
(14) includes a plural-layer MQW (Multi-quantum 



35 well) structure having plural-layer well layers (14a) 
and plural-layer barrier layers (14b) positioned at 
the both sides of the respective well layers at the 
plural-layer well layers (14a). 

40 5. A semiconductor light emitting device according to 
any one of claims 2 to 4, characterized in that the 
first SCH layer (13) includes a multilayer structure 
formed from a plurality of layers (13a, 13b, 13c, 
13N), and 

45 the second SCH layer (15) includes a multi- 

layer structure formed from a plurality of layers 
(15a, 15b, 15c, 15N). 

6. A semiconductor light emitting device according to 
50 claim 5, characterized in that, given that a refrac- 
tive index of a layer having the lowest refractive in- 
dex of said plurality of layers (14a, 14b) structuring 
the active layer (1 4) is ns, and refractive indices and 
thickness of said plurality of layers (13a, 13b, 13c, 
55 1 3N) of the first SCH layer (1 3) are respectively 

nt , n2, n3, nN and t1 , t2, t3, tN at order close 
from the active layer (14) and refractive indices and 
thickness of said plurality of layers (15a, 15b, 15c, 
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characterized in that the n-type cladding lay- 
er (32) is formed from InGaAsP, 
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— , 15N) of the second SCH layer (15) are respec- 
tively n1 , n2, n3, nN and t1 . t2, t3, tN at order 
close from the active layer (14), 

the relationship of the thickness of the respec- 
tive layers is set to be s 

t1 = t2 = t3 =, = tN 

the relationship of the magnitudes of the re* 10 
Tractive indices of the respective layers is set to be 
the relationship: 

ns > n1 > n2 > n3 >, — , > nN > na > nb 15 

such that the refractive indices become smaller the 
further away from the active layer (14) including the 
relationship that the refractive index ns of the active 
layer (14) is the highest, and the refractive index na 20 
of the n-type cladding layer (32) is higher than the 
refractive index nb of the p-type cladding layer (18), 
and 

the refractive index differences between the 
layers which are adjacent to one another in said plu- 25 
rality of layers (13a, 13b, 13c, 13N, 15a, 15b, 
15c, — , 15N) respectively structuring the first SCH 
layer (1 3) and the second SCH layer (15) are set to 
be the relationship: 

30 

ns-n1 > n1-n2 > n2-n3 >, > nN-nb > nN-na 

such that the refractive index differences become 
smaller the further toward the n-type cladding layer 35 
(32) and the p-type cladding layer (1 8) from the ac- 
tive layer (14). 

A semiconductor light emitting device according to 
claim 5, characterized In that, given that a refrac- 40 
tive index of a layer having the lowest refractive in- 
dex of said plurality of layers (14a, 14b) structuring 
the active layer (14) is ns, the refractive indices and 
the thickness of said plurality of layers (13a, 13b, 
13c, 13N) of the first SCH layer (13) are respec- 45 
tively n1 , n2, n3, — ( nN and t1 , t2, t3, tN at order 
close from the active layer (1 4) and the refractive 
indices and the thickness of said plurality of layers 
(15a, 15b, 15c, 15N) of the second SCH layer 
(15) are respectively n1 , n2, n3, — , nN and tl, t2, so 
t3, — , tN at order close from the active layer (14), 

the relationship of the magnitudes of the re- 
fractive indices of the respective layers is set to be 
the relationship: 

55 

ns > n1 > n2 > n3 >, — , > nN > na > nb 



such that the refractive indices become smaller the 
further away from the active layer (1 4) including the 
relationship that the refractive index ns of the active 
layer (14) is the highest, and the refractive index na 
of the n-type cladding layer (32) is higher than the 
refractive index nb of the p-type cladding layer (18), 
the refractive index differences between the 
layers which are adjacent to one another in said plu- 
rality of layers respectively structuring the first SCH 
layer (1 3) and the second SCH layer (1 5) are set to 
be the relationship: 

ns-n1 = n1-n2 = n2-n3 =, — , = nN-nb 
(where nN-nb > nN-na), 

such that the refractive index differences are equal 
to one another, and 

the relationship of the thickness of the respec- 
tive layers is set to be 

t1 < t2 < t3 <, < tN 

such that the thickness becomes larger the further 
away from the active layer (14). 

8. A semiconductor light emitting device according to 
claim 5, characterized in that, given that a refrac- 
tive index of a layer having the lowest refractive in- 
dex of said plurality of layers (14a, 14b) structuring 
the active layer (1 4) is ns, the refractive indices and 
the thickness of said plurality of layers (13a, 13b, 
13c, 13N) of the first SCH layer (13) are respec- 
tively n1 , n2, n3, nN and t1 , t2, t3, tN at order 
close from the active layer (14) and the refractive 
indices and the thickness of said plurality of layers 
(15a, 15b, 15c, 15N) of the second SCH layer 
(15) are respectively n1 ( n2, n3, nN and t1, t2, 
t3, — , tN at order close from the active layer (1 4), 

the relationship of the magnitudes of the re- 
fractive indices of the respective layers is set to be 
the relationship: 

ns > n1 > n2 > n3 >, > nN > na > nb 

such that the refractive indices become smaller the 
further away from the active layer (1 4) including the 
relationship that the refractive index ns of the active 
layer (14) is the highest, and the refractive index na 
of the n-type cladding layer (32) is higher than the 
refractive index nb of the p-type cladding layer (18), 
the refractive index differences between the 
layers which are adjacent to one another in said plu- 
rality of layers respectively structuring the first SCH 
layer (13) and the second SCH layer (15) are set to 
be the relationship: 
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ns-n1 > n1-n2 > n2-n3 >, > nN-nb > nN-na 

such that refractive index differences become 
smaller the further away from the active layer (14), s 
and 

the relationship of the thickness of the respec- 
tive layers is set to be: 

t1 <t2<t3<, <tN W 

such that the thickness becomes larger the further 
away from the active layer (1 4). 

15 

A semiconductor light emitting device according to 
claim 5, characterized in that, given that a refrac- 
tive index of a layer having the lowest refractive in* 
dex of said plurality of layers (14a, 14b) structuring 
the active layer (1 4) is ns, and refractive indices and 20 
thickness of said plurality of layers (13a, 13b, 13c, 
— , 13N) of the first SCH layer (13) are respectively 
n1 , n2, n3, — , nN and t1 , t2, t3, — , tN at order close 
from the active layer (1 4) and refractive indices and 
thickness of said plurality of layers (15a, 15b, 15c, 25 
— , 15N) of the second SCH layer (15) are respec- 
tively n1 , n2, n3, nN and t1 , t2, t3, »•, tN at order 
close from the active layer (14), 

the relationship of the thickness of the respec- 
tive layers is set to be 30 

t1 = t2 = t3 =, = tN 

the relationship of the magnitudes of the re- 35 
tractive indices of the respective layers is set to be 
the relationship: 

ns > n1 > n2 > n3 >, — , > nN > nb, 4Q 

and 

na > nN 45 

such that the refractive indices become small- 
er the further away from the active layer (1 4) includ- 
ing the relationship that the refractive index ns of 
the active layer (14) is the highest, and the refractive so 
index na of the n-type cladding layer (32) is higher 
than the refractive index nb of the p-type cladding 
layer (18), and 

the refractive index differences between the 
layers which are adjacent to one another in said plu- 55 
rality of layers (13a, 13b, 13c, 13N, 15a, 15b, 
15c, -, 15N) respectively structuring the first SCH 
layer (13) and the second SCH layer (15) are set to 



be the relationship: 

ns-n1 > n1-n2 > n2-n3 >, — , > n(N-1)-nN 

such that the refractive index differences become 
smaller the further toward the n-type cladding layer 
(32) and the p-type cladding layer (1 8) from the ac- 
tive layer (14). 

10. A semiconductor light emitting device according to 
claim 5, characterized In that, given that a refrac- 
tive index of a layer having the lowest refractive in- 
dex of said plurality of layers (14a, 14b) structuring 
the active layer (14) is ns, the refractive indices and 
the thickness of said plurality of layers (13a, 13b, 
13c, 13N) of the first SCH layer (13) are respec- 
tively n1 , n2, n3, — , nN and t1 , t2, t3, tN at order 
close from the active layer (14) and the refractive 
indices and the thickness of said plurality of layers 
(15a, 15b, 15c, », 15N) of the second SCH layer 
(15) are respectively n1, n2, n3, nN and t1, t2, 
t3, — , tN at order close from the active layer (14), 

the relationship of the magnitudes of the re- 
fractive indices of the respective layers is set to be 
the relationship: 

ns > n1 > n2 > n3 >, > nN > nb, 

and 

na > nN 

such that the refractive indices become small- 
er the f u rther away from the active layer (1 4) includ- 
ing the relationship that the refractive index ns of 
the active layer ( 1 4) is the highest, and the refractive 
index na of the n-type cladding layer (32) is higher 
than the refractive index nb of the p-type cladding 
layer (18), 

the refractive index differences between the 
layers which are adjacent to one another in said plu- 
rality of layers respectively structuring the first SCH 
layer (13) and the second SCH layer (15) are set to 
be the relationship: 

ns-n1 = n1-n2 = n2-n3 =, = nN-nb 

such that the refractive index differences are equal 
to one another, and 

the relationship of the thickness of the respec- 
tive layers is set to be 

t1 < t2 < t3 <, < tN 
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such that the thickness becomes larger the further 
away from the active layer (1 4). 



11. A semiconductor light emitting device according to 
claim 5, characterized in that, given that a refrac- 
tive index of a layer having the lowest refractive in- 
dex of said plurality of layers (14a, 14b) structuring 
the active layer (14) is ns, the refractive indices and 
the thickness of said plurality of layers (13a, 13b, 
1 3c, 1 3N) of the first SCH layer (1 3) are respec- 
tively n1 , n2, n3, nN and t1 , t2, t3, tN at order 
close from the active layer (14) and the refractive 
indices and the thickness of said plurality of layers 
(15a, 15b, 15c, 15N) of the second SCH layer 
(15) are respectively n1, n2, n3, — , nN and t1, t2, 
t3, — , tN at order close from the active layer (14), 

the relationship of the magnitudes of the re- 
fractive indices of the respective layers is set to be 
the relationship: 

ns > n1 > n2 > n3 >, > nN > nb, 

and 

na > nN 

such that the refractive indices become small- 
er the further away from the active layer (14) includ- 
ing the relationship that the refractive index ns of 
the active layer (1 4) is the highest, and the refractive 
index na of the n-type cladding layer (32) is higher 
than the refractive index nb of the p-type cladding 
layer (18), 

the refractive index differences between the 
layers which are adjacentto one another in said plu- 
rality of layers respectively structuring the first SCH 
layer (13) and the second SCH layer (15) are set to 
be the relationship: 

ns-n1 > n1-n2 > n2-n3 >, > n(N-1)-nN 

such that refractive index differences become 
smaller the further away from the active layer (14), 
and 

the relationship of the thickness of the respec- 
tive layers is set to be: 

t1 <t2<t3<, .... <tN 

such that the thickness becomes larger the further 
away from the active layer (1 4). 

12. A semiconductor light emitting device according to 
any one of claims 1 to 11 , characterized in that the 



semiconductor light emitting device is formed so as 
to be a buried structure. 

13. A semiconductor light emitting device according to 
s any one of claims 2 to 1 2, characterized in that the 
n-type cladding layer (32), the first SCH layer (13), 
the active layer (14), the second SCH layer (15), 
and a part of the p-type cladding layer (18) are 
formed to be a mesa type, and 
10 the semiconductor light emitting device fur- 

ther comprises: 

a first buried layer (1 6) formed from p-type InP 
such that one surface thereof contacts the sem- 
15 iconductor substrate (11) orthe n-type cladding 

layer (32) at the both sides of the respective lay- 
ers formed to be a mesa type; and 
a second buried layer (1 7) formed from n-type 
InP such that one surface thereof contacts the 
20 p-type cladding layer (18) and the other surface 

thereof contacts the other surface of the first 
buried layer (1 6) at the both sides of the respec- 
tive layers formed to be a mesa type. 

25 1 4. A semiconductor light emitting device according to 
any one of claims 1 to 11 , characterized in that the 
semiconductor light emitting device is formed so as 
to be a ridge structure. 

30 15. A semiconductor light emitting device according to 
any one of claims 1 to 11 and 14, characterized in 
that, when the semiconductor substrate is n-type, 
the p-type cladding layer (1 8) is formed as a ridge 
structured portion in which the substantially central 

35 portion at the outer side thereof is heaped to the 
upper side, and 

the semiconductor light emitting device fur- 
ther comprises: 

40 a contact layer (1 9) formed at the upper side of 

the ridge structured portion at the p-type clad- 
ding layer (18); 

an insulating layer (24) formed so as to open 
the central portion of the contact layer (1 9), and 
45 so as to cover the p-type cladding layer (1 8) in- 

cluding the ridge structured portion; and 
an electrode (20) formed at the top portion of 
the insulating layer (24) in a state in which one 
portion thereof is connected to the contact layer 
50 (19). 

16. A semiconductor light emitting device according to 
any one of claims 1 to 15, characterized in that a 
bandgap wavelength of InGaAsP structuring the n- 

55 type cladding layer (32) is less than or equal to 0.97 
um. 

17. A semiconductor light emitting device according to 
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any one of claims 1 to 1 6, characterized in that a 
width of the active layer (14) formed from InGaAsP 
is greater than or equal to 3.5 u/n. 

18. A semiconductor light emitting device according to 5 
any one of claims 1 to 1 7, characterized in that the 
high-power light output is greater than or equal to 
700 mW. 

19. A semiconductor light emitting device according to 10 
any one of claims 1 to 18, characterized in that, 
when the semiconductor substrate (11) is n-type, 

the n-type cladding layer (32) is formed at the lower 
side of the active layer (1 4), and the p-type cladding 
layer (18) is formed at the upper side of the active *5 
layer (14). 

20. A semiconductor light emitting device according to 
any one of claims 1 to 1 4, and 1 6 to 1 8, character- 
ized in that, when the semiconductor substrate (11) 20 
is p-type, the n-type cladding layer (32) is formed at 

the upper side of the active layer (14), and the p- 
type cladding layer (1 8) is formed at the lower side 
of the active layer (14). 
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